SPECIAL SECTION: M e d i t e r r a n e a n r e g i o n
T he Italian sector of the Adriatic Sea extends from the Gulf of Trieste in the north to the Otranto channel in the far southeast, with water depths generally less than 200 m especially in the northern part. It is a long-established hydrocarbon province and in the past has been a successful exploration area with numerous large biogenic gas fields discovered in the shallow Pliocene and Tertiary section. Many of these fields-such as Ravenna, Porto Corsini and Porto Garibaldi in the northern Adriatic (Zone B) offshore Po Valley region-were put into production decades ago and have been steadily supplying Italy with a large portion of her domestic gas requirements.
However, in the southern Adriatic, south of the Gargano Peninsula, the geology changes significantly and the deeper carbonate section has proven to contain some heavier oil plays. A few oil discoveries have been made which, with recent increases in the price of oil, can now be regarded as commercial. Some biogenic gas has also been discovered in the Tertiary section at Falco, but not to the levels found in the northern Adriatic. However, the southern Adriatic has been little explored to date compared with the northern Adriatic and is deserving of renewed exploration efforts.
The current licence map ( Figure 1 ) shows (in red) the large number of production licences in the northern Adriatic Zone B region, and indicates the prolific nature of this shallow gas-play region. Many discoveries in this region are still producing large volumes of gas. This licence trend follows the coast southward to just north of the Gargano Peninsula where the Apennine thrust front trends back onshore. The map also shows that few licences are present in the southern Adriatic Sea.
Unfortunately, over the last 10-15 years or so, exploration in the region has been slowing down and the area has been sidestepped and overlooked while companies went elsewhere. So the map also illustrates the large amount of currently open acreage in the Adriatic Sea (presently only about 40% is licenced).
There are several reasons for the decline in exploration activity. Exploration interest shifted when the southern Apennine oil play was discovered in the late 1980s and the Po Valley opened up a little later. As a result, companies started abandoning the area for other emerging plays thought to be better.
Other reasons for the decline included the increasing role played by environmental groups and lobbies but also, and rather unusually, difficulty for companies to access data in general and seismic data in particular. This is especially true for regional seismic data that new companies would use to evaluate new basins and to look for new plays and leads.
This situation regarding access to seismic data has been a major difficulty in the stimulation and encouragement of new exploration in 
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The Leading Edge 803 M e d i t e r r a n e a n r e g i o n a nontrivial task and required significant time and expertise to complete. Once this was achieved, the data went through a state-ofthe-art 2D processing sequence. Some excellent results were achieved even though most of the data were only 6-12 fold opportunity to stimulate new exploration in a proven hydrocarbon province, and so our Adriatic Project was conceived.
New access to public data
The situation regarding data access started to change about five years ago when the Videpi project was started by Piero Casero to collate, catalogue, correct, and make available as much old 2D seismic, well data, and various reports as possible. Figure 2 shows the available seismic data which can be downloaded directly from Videpi in PDF format.
However, while this project vastly improved the availability of data, the simple pdf format is not easy to use for analysis and seismic interpretation. Seeing the potential value in this data set, SDX joined forces with Spectrum and jointly met with colleagues in Videpi and the Italian Ministry UNMIG to determine how to improve the situation.
UNMIG and Videpi were supportive of proposals by SDX and Spectrum to reprocess all older seismic data in the Italian Adriatic, and to acquire new and complete infill 2D seismic to highlight further new opportunities.
The Adriatic Evaluation Project truly got underway in 2010, and comprises several parts:
1) Spectrum to reprocess the old 2D data in the Adriatic (~ 8500 km). 2) SDX to carry out out regional interpretation of the reprocessed data. 3) Spectrum and to SDX apply for licence to acquire new 2D seismic infill data. 4) Acquisition and processing of new data. 5) Interpretation of new and old seismic data to create a comprehensive regional evaluation.
The reprocessing was completed in early 2011, and the full interpretation and report have been carried out and are available today. The new acquisition is planned for summer 2012 after all the environmental approvals have been received.
Reprocessing the old data
The old seismic data comprise a 1967 survey in Zone B north of Gargano, a 1968 survey in Zone D south of Gargano, and a 1975/6 survey in Zone F also south of Gargano ( Figure 3 ).
All field tapes and related paperwork were copied and transcribed onto modern discs and formats in early 2010. Spectrum then carried out parameter testing and reprocessing. Nearly all data were recovered, but due to the age and condition of the original data, a few lines were lost in Zone B as can be seen on the recovered line location map
In Zone B, 2 1/2 dip lines and most of along strike line couldn't be recovered well enough to reprocess. However, the remaining data, about 8500 line km, have been recovered well.
Once the data had been transcribed, the hardest task was to piecing together the different parts of each line in correct shot point and CDP order, and to ensure the correct acquisition geometries were being used in the reprocessing; this was M e d i t e r r a n e a n r e g i o n
and were recorded with just 24 or 48 channels. Figure 4 , a line in Zone B, shows a typical level of improvement between the original section and the reprocessed section.
One of the best results obtained was line 404 in the northern Adriatic. Figure 5 shows both the printed pdf format on the Videpi Web site and the reprocessed section. The difference is simply day and night, especially bearing in mind that M e d i t e r r a n e a n r e g i o n the original data have to be printed from pdfs and then stuck together somehow to make a full-size paper image. The reprocessed data are fully digital and ready to load into a workstation for interpretation. In similar vein, Figure 6 shows a line south of Gargano with similar levels of improvement in this somewhat different geologic province.
The southern area in the Adriatic, comprising Zones D and F, is only very lightly explored and some beautiful structures and leads have been identified on numerous seismic lines in this area as illustrated on Figure 7 .
New 2D seismic acquisition While the reprocessing was being carried out, the new 2D seismic infill acquisition program was submitted for approval by the ministry. This new acquisition program is split into two parts, covering Zone B in the northern Adriatic and Zones D and F in the southern Adriatic. The program has been approved technically by the ministry and we plan to start acquisition in summer of 2012 once all environmental approvals have been received.
Apart from the obvious benefit of an infill seismic program doubling the data coverage of the original programs, it was also believed that new data with full-amplitude retention and bespoke AVO-DHI style processing would help identify new and residual biogenic gas fields overlooked by previous surveys. (It should be noted that Zone B is well known as a region where DHI effects are excellent indicators of commercial gas presence.)
Simple geology and structure of the Adriatic Sea
The main structural setting and elements of the Adriatic Sea are shown on Figure 8 . The main and most important elements are the Apennine overthrust chain in the west, the Dinarides overthrust chain in the east, and the Adriatic Sea which is in the middle and is being squeezed on both sides by both overthrust areas. The Adriatic comprises the folded foredeep region just to the east of the Apennines which have significantly folded and compressed the section and the central foreland or carbonate high region which runs roughly down the center of the Adriatic Sea from the east in the northern region offshore Croatia, to the west of the Adriatic in the south near the heel of Italy. This foreland region effectively splits the Adriatic basins into two main areas.
The Adriatic Basin was formed by the subsidence of the pre-existing foreland region into a basin (present since Pliocene time) and the subsequent eastward-thrusting movements of the Apennine mountain chain toward and into the western part of this Adriatic Pliocene basin.
In the northern and central Adriatic, the outer eastward front of the Apennine overthrust chain extends offshore into the Adriatic foredeep basin, causing large-scale overthrust folds and associated anticlinal structures as can be seen on the suite of cross sections below.
The Italian foredeep is the rapidly subsiding zone adjacent to the eastern edge of the Apennines Overthrust Chain where thick sequences of new sediments were deposited over the Mesozoic and Tertiary carbonates during Pliocene times in the north, and Pleistocene times in the south. Widespread turbidite systems of numerous alternating sand and shale sequences were rapidly deposited, which helped preserve organic matter from degradation and oxidation.
The foredeep is the most prolific part of Italy for biogenic gas generation and there have been numerous discoveries of large biogenic gas fields both onshore in the Adriatic and in the Po Valley as well. This biogenic gas is around 99% pure methane.
This foredeep has also played a crucial role for oil generation in places located contiguously with overthrust structures formed by the movement eastwards of the Apennines into the foredeep.
The three cross sections in Figure 9 illustrate the foredeep basin in yellow; the top section from the northern Adriatic shows a thick foredeep basin with clear structuring in the west from the Apennine overthrust, but in the east the fore-
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The Leading Edge 807 M e d i t e r r a n e a n r e g i o n deep gently onlaps onto the Dinarides or Istrian platform. The middle section shows how the foredeep starts to be a little less constrained due to the bowing or arching of the underlying carbonates, indeed at this point there is a thin layer of Foredeep well over on the eastern side of the Adriatic outside of Italian waters. However, the most dramatic change is in the south where the foredeep entirely disappears in the offshore where the underlying carbonate platform is close to the seabed in the inshore regions or the south and actually forms the onshore portion of southern Italy (around the heel).
Here the Apennine overthrust chain is significantly further to the west onshore. Note also that, on the eastern side of the Adriatic, the south Adriatic basin on the eastern side out of Italian waters is much more developed and provides new exploration opportunities in that region.
Stratigraphy
The two stratigraphic charts in Figures 10 and 11 also show the main geological levels where different discoveries have been made and what types of hydrocarbon was found (oil, gas and condensate). As can be seen, the majority of the biogenic gas has been in Plio-Pleistocene clastic reservoirs, with M e d i t e r r a n e a n r e g i o n some deeper Miocene reservoirs as well; most of the oil has been found in deeper carbonate reservoirs
Play types
There are a good variety of structural and stratigraphic plays present in the Adriatic Sea, ranging from overthrust fourway dip anticlines in the Plio-Miocene associated with the main Apennine thrust chain, and deeper carbonate structures in the south, to subtle and shallow stratigraphic pinchouts and ripples in the upper Pliocene to Quaternary section in Zone B. Figure 12 illustrates some of these play types. The Porto Corsini and Barbara gas fields are good analogs for those found in the northern Adriatic in Zone B, while Aquila and M e d i t e r r a n e a n r e g i o n
Rospo Mare are examples of the deeper platform plays found further south
Seismic interpretation and some new leads
Once the reprocessing was completed in mid-2011, a regional interpretation of all reprocessed data was carried out using an SMT Kingdom workstation. Data from 11 wells in the northern Zone B and 5 wells in the south were tied to the seismic to provide preliminary stratigraphic control, and key seismic horizons were identified, interpreted, and mapped.
Although the reprocessed seismic data were not originally recorded (in the 1960s and 1970s) with amplitude retention in mind, we can still see many interesting amplitudes in structurally and stratigraphically significant positions (see line 413 in Figure 13 for examples). Future DHI evaluation and AVO analysis is planned to further evaluate these anomalies.
Line 413, in the northern Adriatic Sea area of Zone B shows the seismic horizons interpreted and some of these interesting amplitude anomalies. The gas-prone part of the section is the upper Pliocene-Miocene marked by numerous unconformities on the seismic, and where there are two largeamplitude anomalies present. The deeper oil-prone carbonate platform shown in orange is a strong regional horizon as we would expect, but also has other deeper seismic reflections within it.
Line 009 (Figure 14) , a dip line in the southern Adriatic in Zones D and F, shows the horizons picked within the shallower gas-prone Miocene-to-Pliocene section and structures at the deeper carbonate level. The reservoirs in the Aquila oil field are near the top Carbonate section, so any structures at similar levels would be of interest.
Mapping of these interpreted horizons is complete and shows some interesting new undrilled leads and structures. Figure 15 , a two-way time structure map on the top carbonate over Zone B, shows the widely varying structural makeup of the area from north to south, and several areas of potential new leads for future exploration. Several interesting closed-high features are present together with some interesting embayment areas which could be promising for the development of stratigraphic leads.
Some other interesting leads include those shown on the two seismic lines below: Figure 16 , line 402 in the northern Adriatic, shows two undrilled overthrust units with closures in both the carbonate section and overlying Tertiary section. They are not well imaged on the older data but the new seismic should bring out the detail nicely. Note the shallower amplitude features as well which may be indicative of gas passing through the area.
In the southern Adriatic, we see several large-scale closures around top Carbonate level on line 017 ( Figure 17) where a large four-way dip closure is shown with probable closure both at top carbonate and the overlying Miocene levels.
Summary
This Adriatic evaluation project was started to help stimulate new exploration offshore in the Italian Adriatic Sea.
Reprocessing old data has been a spectacular success with tremendous improvements being made in the imaging. This has allowed new regional interpretation of the region to be carried out successfully.
This reprocessed data, the interpretation report and SMT project now make it possible to better understand the regional structure and stratigraphy of the Italian Adriatic Sea, while at the same time identifying numerous new leads and potential prospects for future applications. All reprocessed 2D seismic data are now available along with a copy of the full interpretation report and SMT workstation project.
The new acquisition is on track for acquisition next year as planned.
We are now extending the project to include all other old data in the Videpi database. This includes data around the gulf of Taranto, offshore Sicily, Sardinia, and the west coast of Italy. It is also planned to extend the project to cover the entire Adriatic Sea including around the eastern coasts where possible in the near future. 
